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Effect of sesame oil, ozonated sesame oil and chlorhexidine mouth wash on oral health 
status of adolescents : A randomised control trial 
Abstract 
 
Introduction 
Oil pulling is the swishing oil in the mouth for oral and systemic health benefits.  
 
Purpose 
The purpose of the study was to evaluate the antibacterial effect of sesame oil and 
ozonated sesame oil against Streptococcus mutans and to compare the effect of sesame oil, 
ozonated sesame oil with chlorhexidine mouth wash on oral health status of adolescents. 
Materials and Methods 
  Seventy five 12-14 year old school children with DMF Index < 3 were randomly 
assigned to one of the following groups with 25 children in each group. Group I (sesame oil); 
Group II (ozonated sesame oil) and Group III (chlorhexidine mouth wash). Debris index, 
Calculus index, OHI-S, Plaque index were recorded and baseline salivary samples were collected 
for Streptococcus mutans count. Group I and II were subjected to oil pulling with sesame oil and 
ozonated sesame oil and Group III with chlorhexidine mouthwash during school hours. 
Reassessment of the index scores and collection of saliva for measuring the  Streptococcus  
mutans count was done after 15 days and 1 month. The scores obtained from all the three groups 
were tabulated, compared, and analysed statistically. 
Results 
  There was a statistically significant reduction in Debris index, Calculus index, OHI-S, 
Plaque index and Streptococcus mutans count in all the groups after 15 days when compared to 
the baseline. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
INTRODUCTION 
 
 
Oral health is of prime importance to all individuals. Children with poor oral health 
experience pain and tooth loss and this can compromise normal eating. It also has a negative 
impact on their self-esteem, speech, socialization, quality of life and school attendance.
2
 So 
good oral hygiene habits should be instilled in early childhood. The dental health care 
professionals need to place home oral hygiene at the core of their advice on preventive 
practices. 
 
Dental plaque is a structurally and functionally organized biofilm. It has a diverse 
microbial composition that remains relatively stable over time. It can be beneficial depending 
on the composition and behaviour of their microbial residents. The formation of biofilm 
occurs by adherence of the primary colonizers on the tooth surface, followed by 
coaggregation of secondary colonizers. Streptococcus and Actinomyces species are the most 
abundant early colonizers of the soft and hard tissues of the oral cavity. The transition from 
oral health to disease is as a result of ecological shifts caused by changes in the host oral 
environment, which finally lead to microbial imbalance within these biofilms.
34 
 
Dental caries is a disease of multifactorial etiology. The diet, tooth morphology, oral 
environment and microorganisms are associated with the caries process. The caries process is 
directly linked to the ability of microorganisms to colonize onto the tooth surface and form dental 
plaque. Streptococcus mutans is the predominant microorganism found in dental plaque 
associated with a caries lesion. Therefore, prevention of dental caries should be directed toward 
the reduction of S. mutans. Development of a preventive regimen that targets the microbial risk 
factor is the most comprehensive and successful approach toward the prevention of caries.
31 
 
The most reliable and worldwide accepted methods of oral hygiene maintenance are 
mechanical methods of tooth cleaning using toothbrushes to promote healthier teeth which is 
used in adjuvant with chemotherapeutic agents. These chemotherapeutic agents have 
antimicrobial activity which is proportional to their concentration and contact time. Over time, 
 
the microorganisms develop resistance to these antimicrobial agents. Chlorhexidine is 
considered as the “gold standard” for chemical plaque control methods, as it has a broad 
spectrum of activity. However, chlorhexidine is discouraged because of its unpleasant taste 
and undesirable side effects such as tooth staining, altered taste sensation. So, there is a 
requirement for a long term, home based remedy which is also economical. At present there 
are number of indigenous natural medicinal products which deserve due recognition for their 
contribution to improving oral health. Pure oils when used as antibacterial agents inhibits 
harmful bacteria, fungus and other organisms of the mouth, teeth, gums, and throat.
69
 Sesame 
oil has the following advantages over the standard and commercially available mouthwashes. 
It causes no staining, has no lingering aftertaste and causes no allergic reactions. It is five to 
six times more cost-effective than the commercially available mouthwashes and moreover, 
readily available in the household.
8
 Considering these benefits, oil pulling therapy with 
sesame oil could be promoted as a measure for the prevention of oral disease.
12 
 
The sesame plant (Sesamum indicum) of the Pedaliaceae family has been considered a 
gift of nature to mankind because of its nutritional qualities and its many desirable health effects. 
The seeds of the plant are commonly known as „gingelly‟ or „til‟ seeds. Sesame oil has a high 
concentration of polyunsaturated fatty acids and is a good source of vitamin E.
40
 The antioxidants 
present in it are mainly sesamol, sesamin and sesamolin.
40
 These lignans contain Vitamin E and 
polyunsaturated fatty acids. In addition, linoleic acid and oleic acid are also major components of 
sesame oil. The components of sesame oil possess antioxidative properties that reduce lipid 
peroxidation by diminishing the free radical injury to oral tissues.
52
 Root of Sesame (Sesamum 
indicum) contains chlorosesamone which has antifungal activity.
5 
 
„Oil pulling‟ or oil swishing is a procedure that involves swishing oil in the mouth for 
oral and systemic health benefits. Oil pulling therapy with sesame oil has been extensively 
used as a traditional Indian folk remedy for many years for strengthening teeth, gums, jaws to 
prevent tooth decay, oral malodor, bleeding gums, dryness of throat and cracked lips.
12
 The 
benefits of oil pulling are not limited to the oral cavity. It can be used for the prevention and 
treatment of more than 30 different diseases, which vary from headache, migraine, 
thrombosis and eczema; to fatal diseases such as diabetes and asthma.
2, 4
 The concept of oil 
pulling is not new and it has been discussed in the Ayurvedic text Charaka Samhita, where it 
is referred to as kavala graha or kavala gandoosha.
11
 For oil pulling therapy, a tablespoon 
(teaspoon for young children) of sesame oil is taken in the mouth, sipped, sucked and pulled 
between the teeth for 10 - 15 min. The viscous oil turns thin and milky white. It is claimed 
that the swishing activates enzymes and draws toxins out of the blood. 
11
 The mechanism of 
action of oil pulling therapy was due to 1. Antioxidant effect which damage the cell wall of 
microorganisms and kill them.
65
 2. Emulsification process of oil which started 5 min after oil 
pulling. The emulsification occurs due to agitation of oil in the mouth leading to the 
formation of a soapy layer which can alter the adhesion of the bacteria on the tooth surface, 
remove superficial worn out squamous cells and improve oral hygiene.
9
 As it inhibits 
bacterial adhesion, it also prevents plaque coaggregation.
10
 Various oils such as Olive oil 
47
, 
Almond oil 
1
, sunflower oil 
4
 sesame oil 
5
, coconut oil 
72
 are used for oil pulling. 
 
Currently, ozone therapy is gaining popularity as a modern non-invasive method of 
treatment. It is a powerful oxidizing agent with a high antimicrobial power against oral 
pathogens. No bacterial resistance has been reported aganist gaseous ozone 
26, 15
, aqueous ozone 
39
 or ozonated oil. 
71
 It is used in various treatment modalities in field of medicine, dentistry, 
veterinary, food industry and water treatment. Ozone(O3), when in contact with organic fluids 
causes the formation of reactive oxygen molecules (O2). These molecules influence cellular 
metabolism, which may be beneficial to tissue repair, in addition to its potent antimicrobial 
effect.
70
 Ozone also stimulates and regulates the immune system and increases biosynthesis of 
some organic molecules.
22
 In a systematic review by Seidler et al (2008)
57
, they 
 
reported that ozone activates aerobic process, increased vasodilators secretion such as nitric 
oxide (NO) and accelerates tissue regeneration. In addition, ozone therapy can be 
systemically or locally applied and has low cost, no side effects and has restricted intolerance 
or contraindication.
70 
 
Ozone is being discussed in dentistry as a possible alternative oral antiseptic agent. It 
is not only effective against bacteria, but also on viruses, fungi and protozoa. Moreover, it has 
high level of biocompatibility to fibroblasts, cementoblasts and epithelial cells and hence 
suggests its use against oral infectious diseases.
17 
 
Through extensive literature search, it was revealed that there is lack of researches 
conducted on the effects of oil pulling using freshly prepared ozonated sesame oil. So, the 
rationale of this study is to evaluate the effectiveness of sesame oil and ozonated sesame oil 
on oral health status by assessing the change in the Oral Hygiene Index- Simplified (OHI- S), 
Plaque Index (PI) and Streptococcus mutans (S. mutans) count. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
AIMS 
 
AIMS 
 
1.To evaluate the antibacterial effect of sesame oil and ozonated sesame oil against 
 
Streptococcus mutans. 
 
2.To compare the effect of sesame oil, ozonated sesame oil with chlorhexidine mouth wash on 
 
oral health status of adolescents. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
REVIEW OF LITERATURE 
 
Amith HV, Ankola AV, Nagesh L (2007)
4
 assessed the effect of oil pulling on 
plaque and gingivitis and monitered its safety on oral soft and hard tissues. Ten subjects 
performed oil pulling along with their other oral hygiene measures for 45 days, using refined 
sunflower oil. Plaque and gingival scores were assessed periodically at baseline, 15, 30 and 
45 days by modified Plaque Hygiene Performance and Gingival indices. There was a 
significant reduction in plaque and gingival scores from baseline to 45 days. The greatest 
reduction in plaque score was noted on the 30
th
 day. They concluded that oil pulling has the 
ability to reduce plaque and gingivitis. 
Asokan S, Rathan J, Muthu MS, Rathna PV, Emmadi P, Raghuraman, 
 
Chamundeswari (2008)
8
 evaluated the effect of oil pulling with sesame oil, on Streptococcus 
mutans count in plaque and saliva of children, using the Dentocult SM Strip mutans test and to 
compare its efficacy with chlorhexidine mouthwash. Twenty age-matched adolescent boys aged 
16-18 years were selected based on information obtained through a questionnaire and were 
divided randomly into two groups: the control or chlorhexidine group (group I) and the study or 
oil pulling group (group II) with ten subjects in each group. Plaque and saliva samples were 
collected from all the 20 subjects on the strips from the Dentocult SM kit and, after incubation, 
the presence of S. mutans was evaluated using the manufacturers chart. The study group practiced 
oil pulling with sesame oil and the control group used chlorhexidine mouthwash for 10 minutes 
every day in the morning before brushing. Samples were collected from both groups after 24 
hours, 48 hours, 1 week and 2 weeks and the efficacy of oil pulling was compared with that of 
chlorhexidine mouthwash. There was a reduction in the S. mutans count in the plaque and saliva 
samples of both the study and the control groups. The S. mutans count in the plaque of the study 
group reduced significantly after 1 and 2 weeks. The control group showed significant reduction 
at all the four time points at 24 hours, 48 hours, 1 week and 2 weeks. In the saliva samples, 
significant reduction in S. mutans count was seen in the control group at 48 hours, 1 week and 2 
weeks. Hence oil pulling can be used as an effective preventive adjunct in maintaining and 
improving oral health. 
 
Durai T, Pothiraj C, Gopinath RM, Kayalvizhi B (2008)
24
 evaluated the antibacterial 
activity of sesame oil and its inhibitory effect against the dental caries causing bacteria when used 
for oil pulling therapy. For determining the effect on total colony count, the participants were 
instructed to wash their mouth with the physiological saline (0. 85% NaCl) before and after oil 
pulling and saline was serially diluted and plated in nutrient agar plates and number of colonies 
present in 1 ml of the saline was calculated. The results of the study showed that the reduction of 
total count of bacteria ranged from 10 to 33.4%. The average reduction of total count of bacteria 
was 20% after 40 days of oil-pulling. The antibacterial activity of sesame oil against dental caries 
causing bacteria was determined using disc diffusion method. There was a remarkable reduction 
in the susceptibility of a host to dental caries. Fifty percent of the case study persons were 
converted from marked dental caries susceptibility to slight dental caries susceptibility. Fifty 
percent of the case study persons were converted from marked dental caries susceptibility to 
moderate dental caries susceptibility. The sesame oil is found to have antibacterial activity against 
S. mutans, lactobacilli and total bacteria. They concluded that oil-pulling could be useful for 
maintaining oral hygiene. 
 
Asokan S, Emmadi P, Chamundeaswari R (2009)
6
 evaluated the effect of oil pulling 
with sesame oil on plaque induced gingivitis and to compare its efficacy with chlorhexidine 
mouthwash. A total of 20 age-matched adolescent boys aged 16-18 years with plaque-induced 
gingivitis were divided randomly into the study or oil pulling group (Group I) and the control or 
chlorhexidine group (Group II) with 10 subjects in each group. Plaque index and modified 
gingival index scores were recorded for the 20 subjects and baseline plaque samples were also 
collected. The plaque samples were used to identify the microorganisms and to measure the total 
colony count of the aerobic micro-organisms present. The study group was subjected to oil 
pulling with sesame oil and the control group was given chlorhexidine mouthwash everyday in 
the morning before brushing. Reassessment of the index scores and collection of plaque for 
measuring the colony count of the aerobic microorganisms was done after 10 days. There was a 
statistically significant reduction of the pre- and post-values of the plaque and modified gingival 
index scores in both the study and control groups. There was a considerable reduction in the total 
colony count of aerobic microorganisms present in both the groups. The oil pulling therapy 
showed a reduction in the plaque index, modified gingival scores, and total colony count of 
aerobic microorganisms in the plaque of adolescents with plaque-induced gingivitis. 
 
Asokan S, Kumar S, Emmadi P, Raghuraman R, Sivakumar N (2011)
7
 evaluated the 
effect of oil pulling with sesame oil on halitosis and the microorganisms that could be responsible 
for it and to compare its efficacy with chlorhexidine mouthwash. 20 adolescents of age group 17-
19 years were randomly divided into two groups, Group I (oil pulling) and group 
 
II (chlorhexidine). Marginal gingival index, plaque index, organoleptic breath assessment 
(ORG 1), self-assessment of breath (ORG 2) and N-benzoyl-DL-arginine-2-napthylamide 
(BANA) test from tongue coating samples to assess the microorganisms which could be 
responsible for malodor were assessed on days 0 and 14 of the experimental period and they 
found a significant reduction in the ORG 1, ORG 2, scores and BANA test score in both 
groups. They concluded that oil pulling therapy was equally effective as chlorhexidine on 
halitosis and organisms, associated with halitosis. 
 
Asokan S, Rathinasamy TK, Inbamani N, Menon T, Kumar SS, Emmadi P (2011)
9 
 
in their in-vitro study evaluated the antibacterial activity of sesame oil and lignans isolated from 
sesame oil on oral microorganisms and to check whether saponification or emulsification occurs 
during oil-pulling therapy. Sesamin and sesamolin isolated from sesame oil did not have any 
antibacterial effect against oral microorganisms like S. mutans, S. mitis and S. viridans. 
Emulsification of sesame oil occurs during oil-pulling therapy. Increased consumption of
sodium hydroxide in titration was a definite indication of a possible saponification process. 
They concluded that mechanism of oil pulling therapy was a clear indication for possible 
saponification and emulsification process, which enhances its mechanical cleaning action. 
 
Saravanan D, Ramkumar S, Vineetha K (2013)
54
 evaluated the effect of oil 
pulling with sesame oil on plaque, gingivitis and colony forming bacteria on 40 subjects with 
mild to moderate plaque and gingivitis. Forty subjects were distributed randomly into group 
A (20-control) and B (20-experimental). 20 of them performed oil pulling for 45 days, using 
sesame oil and the rest 20 continued with their normal oral hygiene measures. Their plaque 
and gingival scores and colony forming unit counts were assessed before and after oil 
pulling. Oil pulling resulted in a statistically significant decrease in plaque, gingival scores 
and number of bacteria in the mouth. 
 
Singla N, Acharya S, Martena S, Singla R (2014)
64
 assessed the reduction in S. 
mutans and Lactobacillus species count in saliva samples and reduction in gingival scores 
and plaque scores after ten minutes of oil gum massage therapy (massage of gingival tissues) 
per day for three weeks with sesame oil, olive oil and coconut oil in three different groups of 
subjects aged 18-65 years with chlorhexidine gel as the "gold standard". Oral health status 
and paraffin stimulated saliva samples were obtained at baseline and after three weeks of oil 
gum massage therapy. There was a significant reduction in mean S. mutans count, 
Lactobacillus count, plaque scores and gingival scores in all four groups after the study. 
There was no significant difference found in percentage reduction of these variables between 
the four groups. Hence, they stated that these oils can be used as valuable preventive agents 
in maintaining and improving oral health in low socioeconomic status population. 
 
Sood P, Devi A, Narang R, Swathi V, Makkar DK (2014)
65
 compared the efficacy 
of oil pulling and chlorhexidine in reducing oral malodor and microbes. A three week 
randomized controlled trial was conducted among 60 students. The students were randomized 
 
into two intervention groups namely chlorhexidine group, sesame oil and one control (placebo) 
group. Twenty girls were selected for each group based on inclusion and exclusion criteria. 
Plaque index (PI), gingival index (GI), objective (ORG1) and subjective (ORG2) organoleptic 
scores and anaerobic bacterial colony (ABC) count parameters were recorded at the baseline (day 
0) and post intervention on day 22. There was significant reduction in the mean scores of all the 
parameters within sesame oil and chlorhexidine group. Among the groups, significant difference 
was observed in objective and subjective organoleptic score. No significant difference was 
observed between sesame oil and chlorhexidine group. Oil pulling with sesame oil was equally 
efficacious as chlorhexidine in reducing oral malodor and microbes causing it. 
 
Dani N, Kale T, Beldar A, Raghavan M, Thakkar P (2015)
21
 did a study to evaluate 
the anti-plaque effect of sesame oil pulling and its influence on plaque induced gingivitis as 
compared to chlorhexidine mouth wash. Forty patients with plaque induced gingivitis were 
treated with scaling and root planning following this randomly twenty patients performed oil 
pulling procedure for 14 days (test) in empty stomach in the morning and twenty patients used 
0.2% CHX mouthwash for 30 seconds, for 14 days (control). Plaque Index, Gingival Index and 
Colony forming unit counts of bacteria were assessed at baseline and after 14 days. Furthermore, 
patient acceptance from either group was evaluated using a questionnaire. The oil pulling therapy 
showed a reduction in the plaque index scores, gingival index scores, and total colony counts of 
aerobic microorganisms in the patients with plaque-induced gingivitis in adjunct with scaling and 
root planning. Patient acceptance survey revealed that 60% of patients were willing to continue 
oil pulling as part of their daily oral hygiene regimen. 
 
Jauhari D, Srivastava N, Rana V, Chandna P (2015)
28
 did a study to evaluate and 
compare the antimicrobial activity of oil pulling, herbal mouthrinses and fluoride mouthwash on 
the caries activity and S. mutans counts in the saliva of children, using Oratest and Dentocult SM 
kit. Fifty-two healthy children between the age group of 6 to 12 years were selected for the 
study and divided into four groups based on the mouthrinse used as group 1: Fluoride, group 
 
2: Herbal, group 3: Oil pulling and group 4: Control. The estimation of caries activity and S. 
mutans was done prior to and after the subjects were instructed to use the respective mouthrinse 
twice daily for a period of 2 weeks. The efficacy of fluoride and herbal mouthrinses was found to 
be comparable while oil pulling did not provide any additional benefit to be used as an effective 
antimicrobial agent in reducing the bacterial colonization of an individual. 
 
Rayner S, Herrick T, Chiesa C, Hoover J, Karunanayake C (2016)
49
 carried out a 
pilot study to assess changes in gingival bleeding and biofilm accumulation in young adults 
undergoing oil-pulling treatment together with standardized oral hygiene practices. It was 
compared to a control group of patients who did not undergo oil pulling but maintained the 
standard oral hygiene practices outlined in the study. A randomized, two-way, single-blind, 
crossover trial was carried out with a 2 months washout period between 2, 10 days 
experimental periods. A total of 28 randomly selected dental students who met the inclusion 
criteria were assessed for gingival bleeding and biofilm on six teeth before and after rinsing 
with sesame oil for 10 minutes per day, for a period of 10 days. There were no statistically 
significant differences on plaque biofilm accumulation and bleeding when compared with 
the control group. There was a higher reduction in gingival bleeding scores among those 
who used sesame oil compared to those who did not. 
 
Priyank H, Rishi R, Mahalakshmi V, Purbay S, Kumar C, Verma AE (2017)
48 
 
conducted an in-vivo study to estimate the count of S. mutans and to evaluate the effect of oil 
pulling on these counts in the saliva of adults in the age group 19 to 21 years. Thirty adults were 
randomly divided into three groups. Group-I (study group; sesame oil pulling) included 10 
subjects and Group-II (study group; coconut oil pulling) included 10 subjects and Group III 
(control  group;  chlorhexidine)  also  included  10  subjects.  Oral  prophylaxis  wasn‟t 
performed so that the subjects began the treatment regimen within normal existing level of 
 
plaque deposits. All the subjects were instructed to continue their normal home oral hygiene 
procedures, with oil pulling. All subjects performed oil pulling in morning prior to each of 
the clinical examination on the experimental days. Bacterial colony counts were assessed on 
day 0 (baseline-T0) and T1 after 30 days. The results showed that there was bacterial count 
reduction in all the groups. Among these the chlorhexidine group performed best followed 
by sesame oil group and finally the coconut oil group. 
 
Cruz O, Menedez S, Martinez ME, Clavera T (1997)
20
 used Oleozon (Ozonised 
oil) in the treatment of alveolitis. Hundred adult patients were randomly divided into two 
groups. To all patients, before treatment, saline solution was used for removing the necrotic 
clot by gently irrigating into the alveolar cavity and carefully dried with sterile swabs. 
Experimental group was covered with Oleozon and control group was treated locally with 
Alvogil daily, which is an analgestic and antiseptic paste in addition to oral antibiotics. 
Healing criterion was done, taking into account, the formation of cicatrization tissue and pain 
relief. About 92% patients treated with Oleozon and 58% Alvogil 
 
achieved curing in 2 or 3 visits. The remaining 8% of the Oleozon and 42% of the Alvogil 
needed 4 to 6 visits in order to complete their treatment. Patients treated with Oleozon cured 
faster than the patients treated with Alvogil and Oleozon was well tolerated by patients, 
without any side effect. Oleozon could be considered as an effective medication in the 
alveolitis treatment. 
 
Patel PV, Patel A, Kumar S, Holmes JC (2012)
41
 conducted a split mouth, double-
blinded, randomized controlled clinical trial to evaluate the efficacy of ozonated olive oil as a 
monotherapy and an adjunct to scaling and root planing in the treatment of chronic 
periodontitis. The study was conducted on 20 subjects diagnosed with chronic periodontitis. 
Quadrants of each subject were randomly assigned to four groups and treated accordingly: 
Group A: Scaling and root planing (SRP). Group B: Topical ozonated olive oil (OZO) as an 
 
adjunct to scaling and root planning. Group C: Topical ozonated olive oil as a monotherapy and 
Group D: Topical chlorhexidine gel as a monotherapy. The quadrants were analyzed clinically by 
plaque index, gingival index, sulcus bleeding index, probing pocket depth, and clinical 
attachment level at baseline, 2, 4, 6 and 8 weeks of time intervals. The subjects were also 
analyzed for perceived pain, discomfort or tooth hypersensitivity (quadrant wise) on a Visual 
Analogue Scale (VAS). Additionally, subgingival plaque samples were collected from the two 
predetermined sites of each quadrant at baseline, 4 and 8 weeks for the analysis of total bacterial 
counts (TBCs) and the detection of frequency of eight putative periodontopathogens by 
polymerase chain reaction (PCR) method. The adjunctive use of the OZO with SRP resulted in a 
significant improvement of clinical parameters as well as microbiological parameters over the 
time and in comparison to the control groups. The OZO as monotherapy also showed a 
significant improvement in clinical parameters as well as microbiological parameters over the 
time without any documented side effect. The OZO, as an adjunctive therapy as well as a mono-
therapy is efficient in improving periodontal conditions. 
 
Montevecchi M, Dorigo A, Cricca M, Checchi L (2013)
37
 investigated the 
antimicrobial effectiveness of a commercially available ozonated oil (O3-Oil) which is extra 
virgin olive oil, in comparison with 0.2% chlorhexidine digluconate (CHX) and 10% 
povidone-iodine (PVP-I) through a disk diffusion test. For each antiseptic a series of two-fold 
dilutions was made, obtaining seven dilutions: 1:2, 1:4, 1:8, 1:16, 1:32, 1:64 and 1:128. The 
undiluted antiseptics and the seven dilutions were tested against two freeze-dried bacterial 
strains: S. aureus and P. gingivalis. O3-Oil showed significantly greater diameters of growth 
inhibition than CHX and PVP-I in all dilutions for both tested strains. CHX lost any 
antibacterial efficacy when diluted more than 1:32. At the highest dilution, the diameters of 
growth inhibition against S. aureus were 20.67±0.58 mm and 15.33±0.58 mm, for O3-Oil and 
PVP-I respectively. At the same dilution, the diameters of growth inhibition against P. 
 
gingivalis were 19.00 mm for O3-Oil and 13.67±0.58 mm for PVP-I. Ozonated oil is a 
more effective antiseptic than CHX and povidone-iodine against S. aureus and the 
periodontal pathogen P. gingivalis. 
 
Shoukheba MYM, Ali SA (2014)
62
 evaluated the effect of subgingival application of 
ozonated olive oil gel as an adjunct to scaling and root planing (SRP) in aggressive periodontitis. 
Thirty patients were randomly selected and equally divided into two groups. Group I received 
SRP only, group II received SRP and ozonated olive oil gel (Oxactiv). Subgingival application of 
ozone gel was performed following initial SRP and at 7, 14 and 21 days. Clinical measurements 
included pocket depth (PD), plaque index (PI), gingival index (GI), bleeding on probing (BOP) 
and clinical attachment level (CAL). Real time polymerase chain reaction (PCR) was carried out 
to determine the effect of the treatment on both Aggregatibacter actinomycetemcomitans (Aa) 
and P. gingivalis (Pg). Clinical measurements and Plaque samples for PCR were recorded at 
baseline, one, three and six months after treatment. The results showed improvement in all 
clinical parameters in (group II) which was maintained up to six months. Whereas SRP alone 
resulted in a significant improvement only up to one month for BOP, PPD and CAL parameters 
and up to three months for the PI and GI scores as compared to baseline values. Microbiological 
results revealed significant reduction of the mean P. gingivalis and A. actinomycetemcomitans 
DNA copies at 1 and 3 months for (group II), whereas group I resulted in slight reduction up to 1 
month only followed by gradual increase reaching baseline values. There was a significant 
difference between groups at the 1 and 3 months periods in term of number of Aa copies. The 
study concluded that (Oxactiv) gel could be a promising adjunct to SRP in the treatment of 
aggressive periodontitis. 
 
Wang P, Masuno K, Makita Y, Fujiwara S, Shiota G, Imamura Y, Shiba A and 
 
Fuki T (2014)
75
  evaluated the bactericidal potency of ozone for exploring the potential of 
 
dental application of ozone gel, which is a glycerin solution containing ozone. Treatment with 
 
10 ppm ozone gel with quenching after 3 hours and treatment with 100 ppm ozone gel with 
immediate quenching showed antimicrobial effects in eight aerobic strains, namely, E. coli, 
Pseudomonas aeruginosa, S.aureus, C. albicans, Methicillin-resistant S. aureus (MRSA), S. 
epidermidis, Klebsiella pneumoniae and S. mutans. For five of these strains (E. coli, P. 
aeruginosa, C. albicans, K. pneumoniae, and S. mutans), the number of colony forming units 
(CFUs) were below the detection limit after treatment with 10 ppm ozone gel with quenching 
after 3 hours. For Bacillus subtilis, an antimicrobial effect was observed after 3 hours of 
treatment with 100 ppm of ozone gel. In the case of anaerobic bacteria, bactericidal effect 
was observed for five strains, namely, P.gingivalis, P.intermedia, Fusobacterium nucleatum, 
A. actinomycetemcomitans, and Eikenella corrodens, by using ozone gel and ozone cream. 
Of these, the number of CFUs for three strains (P. gingivalis, P. intermedia, and F. 
nucleatum) was below the detection limit. Results suggest that the ozone gel can be clinically 
useful in oral surgery for implant treatment because of its instantaneous antimicrobial effects, 
and that it can be used against a variety of bacterial strains. 
 
Dharmavaram AT, Reddy RS, Nallakunta R (2015)
23
 conducted a study to explore the 
effectiveness of ozonated oil in the treatment of recurrent aphthous ulcer and to compare with 
sesame oil in order to analyze the effectiveness between the two topical oil medications. A single-
blinded placebo-controlled trial was carried out comprising of 30 subjects of either sex of age 
group greater than 16 years with recurrent aphthous ulcers.The subjects were divided into Group 
1, Group 2 and Group 3 with 10 subjects in each group. Patients in Group 1 received ozonated 
oil, Group 2 received sesame oil and Group 3 received placebo. Treatment response was assessed 
by measures of pain reduction, ulcer duration on 2nd, 4th and 6th day. Participants treated with 
ozonated oil showed significant reduction in ulcer size, erythema and also alleviated the ulcer 
pain on 4th day of evaluation when compared to sesame oil and placebo group. On 6th day, 
subjects treated with ozonated oil and sesame oil showed significant reduction in ulcer size and 
erythema. No significant difference was observed in placebo group when compared with 
other two groups on subsequent 2nd, 4th and 6th day of evaluation. Ozonated oil and sesame 
oil, both showed similar effectiveness in relieving the ulcer pain. Ozone with its wide variety 
of inherent properties has proven to be choice of treatment in completely relieving the ulcer 
pain and ulcer size when compared with that of its counter medication (i.e. sesame oil). 
Ozone to be used as a novel treatment approach in recurrent aphthous ulcers. 
 
Bansal A, Ingle AN, Kaur N, Ingle K, Charania Z (2015)
14
 conducted a double-
blind, randomized controlled clinical trial on 40 participants aged 18-35 years. The 
participants were randomly allocated into two different groups. Gingival index scores were 
assessed at baseline and assessment of saliva samples was done at baseline and after 21 days. 
The participants were advised to gum massage with honey or olive oil for 3 weeks. After 21 
days of trial, both honey and olive oil group showed an effective reduction in the gingival 
scores and colony forming unit counts, which was statistically significant. The olive oil and 
honey had the ability to reduce gingivitis. It was concluded that the olive oil and honey could 
be used as a preventive and therapeutic agent. 
 
Reddy S, Prasad SD, Sirisha PD, Prashanth V (2015)
50
 carried out an in vitro study to 
evaluate the antimicrobial effect of intracanal medicament in root canals contaminated with C. 
albicans. Twenty four extracted human single rooted teeth were selected. Access preparations 
and biomechanical preparations were done. Specimens were first sterilized and contaminated 
with Candida and incubated for 48hrs. Confirmation of Candida was done and then divided into 3 
experimental groups and 2 control groups. The experimental groups were having 6 teeth each and 
they were treated with A) Ozonised sesame oil B) Calcium hydroxide C) Ozonised sesame oil + 
Calcium hydroxide respectively. The control groups were further subdivided in 1) Negative 
control and 2) Positive control with two teeth each. Intracanal medicament was placed into 
each root canal corresponding to the groups. First sampling was done after 48hrs and second 
or final sampling was done after one week of placement of intracanal medicament. Microbial 
growth was checked by counting CFU (Colony forming units). In the first sampling ozonized 
sesame oil was 100% efficient followed by Calcium hydroxide group while combination of 
Ozonised sesame oil + Calcium hydroxide showed similar results. In the second or final 
sampling after one week ozonized sesame oil was highly efficient when compared to other 
groups. Calcium hydroxide was moderately efficient whereas combination of ozonised 
sesame oil + calcium hydroxide was least effective as it showed highest CFU/ml. Ozonised 
sesame oil was most effective for longer duration when compared to other groups and can be 
used as an alternative intracanal medicament. 
 
Peedikayil FC, Sreenivasan P, Narayanan A (2015)
44
 conducted a pilot study to 
evaluate the effect of coconut oil pulling/oil swishing on plaque formation and plaque 
induced gingivitis. A prospective interventional study was carried out on 60 age matched 
adolescent boys and girls in the age-group of 16-18 years with plaque induced gingivitis and 
oil pulling was included in their oral hygiene routine. The study period was 30 days. Plaque 
and gingival indices of the subjects were assessed at baseline days 1,7,15 and 30. There was 
statistically significant decrease in the plaque and gingival indices from day 7 and the scores 
continued to decrease during the period of study. Oil pulling using coconut oil could be an 
effective adjuvant procedure in decreasing plaque formation and plaque induced gingivitis 
 
Peedikayil FC, Remy V, John S, Chandru T P, Sreenivasan P, Bijapur GA (2016)
43 
 
determined the antibacterial efficacy of coconut oil and compared it with chlorhexidine. A total 
of fifty female children aged 8–12 years were included in the study. Twentyfive children were 
randomly distributed to each group, i.e., the study group (coconut oil) and the control group 
(chlorhexidine). The participants were asked to routinely perform oil swishing with coconut oil 
and chlorhexidine and rinse every day in the morning after brushing for 2–3 minutes. S.
 
mutans in saliva and plaque were determined using a chairside method, i.e., the Dentocult SM 
Strip Mutans test. Patients were instructed to continue oil swishing for 30 days. S. mutans 
counts in plaque and saliva on day 1, day 15 and day 30 were recorded. There was a 
statistically significant decrease in S. mutans count from coconut oil as well as chlorhexidine 
group from baseline to 30 days. There was no significant change regarding the antibacterial 
efficacy between coconut oil and chlorhexidine. Coconut oil was as effective as chlorhexidine 
in the reduction of S. mutans. 
 
Indurkar M, Verma R (2016)
27
 conducted a study on 20 subjects, aged from 18 to 
65 years, with plaque-induced gingivitis. Subjects were divided randomly into the test or 
ozonated oil group (Group I) and the control or chlorhexidine gel group (Group II) with 10 
subjects in each group. Subjects were randomly assigned to massage their gingiva thrice a 
day for 3 weeks with ozonated oil (test) (which consist of 60% sesame oil, 30% sunflower 
oil, 5% castor oil and tuvarak oil), and chlorhexidine gel (control). Plaque index and gingival 
index scores were recorded for the 20 subjects at baseline and after 3 weeks. Ozonated oil 
(Group I) and chlorhexidine gel (Group II) groups showed statistically significant differences 
with respect to plaque index and gingival index, from the baseline to 3 weeks. But the 
difference between Group I and Group II, at the end of the study period, was not statistically 
significant with respect to the plaque index and gingival index.so they concluded that the 
ozonated oil and chlorhexidine gel, both can be used as an effective agent in maintaining and 
improving gingival health. 
 
Verma S, Deo B, Ranjan M (2016)
73
 investigated the application of ozonated oil 
(which consist of 60% sesame oil, 30% sunflower oil, 5% castor oil and tuvarak oil) and 
compared its efficacy with that of chorhexidine in treatment of plaque induced gingivitis. A 
total of 50 subjects, aged from 18 to 70 years, with plaque-induced gingivitis were selected 
for the study and were divided randomly into the test or ozonated oil group (Group I) and the 
 
control or chlorhexidine gel group (Group II) with 25 subjects in each group. Subjects were 
instructed to gently massage their gingiva thrice a day for 3 weeks with the drug. Plaque index 
and gingival index scores were recorded for all the subjects at baseline and after 3 weeks. 
Ozonated oil (Group I) and chlorhexidine gel (Group II) groups showed statistically significant 
differences with respect to plaque index and gingival index, from the baseline to 3 weeks. The 
difference between Group I and Group II, at the end of the study period, was not statistically 
significant with respect to the plaque index and gingival index. The ozonated oil and 
chlorhexidine gel both can be used as an effective agent in maintaining and improving gingival 
health but, ozonated oil was free from side effects like unpleasant taste and staining of teeth. 
 
Saeed S, Afify O, Moula S and Zamarany E (2017)
51
 carried out a clinical and 
microbiological evaluation of Oleozone gel which is a pure olive oil that has undergone 
ozonization using a steady flow of ozone-oxygen mixture in the ratio of 5:95 % until olive oil 
transforms from the greenish-colored liquid status to the whitish gel status in the treatment of 
chronic periodontitis. A customized made acrylic stent was fabricated and a calibrated 
standard periodontal probe (UNC-15) was used to standardize the measurements of the 
probing pocket depth (PPD) and clinical attachment level [CAL] and polymerase chain 
reaction kit was used for bacteriological examination. Sixteen patients were divided into two 
groups. Group I (control group) received conventional periodontal treatment including full 
mouth scaling and root planing (SRP) + placebo gel (methyl cellulose), and Group II received 
scaling and root planning (SRP) + oleozone gel. Clinical parameters like Probing pocket 
depth (PPD), Clinical attachment level [CAL], Bleeding on probing (BOP) and Plaque index 
(PI) were assesed and P.gingivalis count were recorded using Polymerase Chain Reaction at 
1, 3 and 6 months. Inter-group comparison revealed that group II showed more favorable 
results both clinically and microbiologically. Hence, application of oleozone gel represents a 
promising natural product as adjunct to SRP. 
Pratyusha MV, Jayalakshmi KB, Nadig P, Sujatha I, Selvan A and  Zaharunnissa 
 
(2017)
46
 conducted an in-vitro study to evaluate the antibacterial effect of ozonated olive oil 
and cold pressed neem oil against E. fecalis (ATCC 29212). Agar well diffusion method was 
used to evaluate the antibacterial effect of Group 1: Ozonated olive oil, Group 2: cold pressed 
neem oil, Group 3: 2% Chlorhexidine, Group 4: Calcium hydroxide and Group 5: Normal 
saline. The petri plates were incubated aerobically at 37°c for 48 hours. The inhibition zones 
against E. fecalis were analysed. Ozonated olive oil showed the maximum mean value for the 
zone of inhibition after 48 hours followed by 2% CHX and then cold pressed neem oil. Least 
mean value for the zone of inhibition was obtained for calcium hydroxide. There was a 
statistically significant difference between the groups. Ozonated olive oil was most effective 
against E. fecalis when compared to other experimental groups and can be used as an 
alternative intracanal medicament. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
METHODOLOGY 
 
 
A parallel multi-arm randomized trial was planned in the Department of Pedodontics and 
Preventive Dentistry, KSR Institute of Dental Science and Research, Tiruchengode to evaluate 
the antimicrobial effect of sesame oil and ozonated sesame oil. The protocol was analysed and 
approved by the Institutional Review Board. Ethical committee clearance was obtained to carry 
out the research work. Permission from the Assistant Elementary Educational Officer (AEEO) 
was obtained and list of schools was obtained from AEEO. A government school was randomly 
selected by lottery method. The purpose of the study was explained to the school authorities and 
their approval was obtained. A total of 187 adolescents aged 12 to 14 years were screened from 
this school to select the study population. The power of test was set at 80% with p value 
 
< 0.05 considered significant. Sample size was estimated to be 20 per group based on 
previous similar studies. Anticipating an attrition of 25%, 5 samples were added to each 
group. Based on the inclusion and exclusion criteria the study population of 75 were included. 
The study was conducted between July and August 2018. 
 
Written consent in mother tongue (Tamil) was obtained from all the parents of 
adolescents and verbal consent was obtained from adolescents. Personal details such as medical 
history including any recent antibiotic exposure, dental history including frequency of brushing, 
sugar intake, use of topical or systemic antibiotics, mouthwashes and toothpaste were obtained 
from the parents using a specially prepared questionnaire to reduce confounding bias. 
Materials for screening and recording indices 
 
• Diagnostic instrument set containing mouth mirror, explorer, tweezer and a kidney tray. 
 
• Sterile gloves. 
 
• Disposable mouth mask. 
 
• Plaque disclosing solution 
Materials for microbial colony count 
 
• Brain heart infusion agar 
 
• Agar agar 
 
• Sterile distilled water 
 
• Autoclave 
 
• Conical flask 
 
• 1000 µl pipette 
 
• Disposable microtips 
 
• Glass tubes 
 
• Petri plates 
 
• Glass rod 
 
• Ethanol 
 
• Plate rotator 
 
• Laminar air flow chamber 
 
• Incubator 
 
• Automatic colony counter 
 
 
Inclusion criteria 
 
1. Adolescents aged 12 to 14 years. 
 
2. DMF Index  <  3. 
 
Exclusion criteria 
 
Adolescents with 
 
1. History of dental treatment in past one month. 
 
2. Systemic and congenital heart diseases. 
 
3. Drug allergy. 
4. Use of topical or systemic antibiotics for past one month. 
 
5. Use of mouthwashes for past three months. 
 
Preparation of sesame oil 
 
Commercially available sesame oil (Idhayam Oil, VVV Sons India) was used. 
 
Preparation of ozonated sesame oil 
 
Ozonised sesame oil was prepared by passing ozone gas through sesame oil using 
ozone generator (Ozone Engineers) for 2 minutes. 
 
Preparation of chlorhexidine mouth wash 
 
5ml of 0.12% chlorhexidine mouthwash (Hexidine ICPA Health products Ltd) was 
diluted in 5ml of water. 
 
In-vitro study 
 
Determining the minimum inhibitory concentration 
 
The antimicrobial effect of sesame oil, ozonated sesame oil and chlorhexidine 
mouthwash was evaluated by agar well diffusion method. Streptococcus mutans (MTCC- 
890) was procured from, Microbial type culture collection (MTCC), Chandigarh. They were 
revived using BHI broth and were maintained actively in BHI agar for further studies. 
 
Streptococcus mutans (MTCC-890) was lawn cultured in Muller Hinton agar 
following which 6mm sterile cork broker was used to punch holes in agar plates. Nine plates 
were prepared three each for sesame oil, ozonated sesame oil and chlorhexidine mouth wash. 
Each plate had 2 holes, one for mouth rinse and the other for the antibiotic. Each of the well 
was loaded with 50µl of sesame oil, ozonated sesame oil and chlorhexidine mouthwash in the 
well created at the center of the plate. Triplicates of plates were done and incubated at 37ºC 
for 24-48 hours to check for the zone of inhibition. No zone of inhibition was formed for 
sesame oil. Zone of inhibitions were present for ozonated oil and chlorhexidine mouthwash 
confirming the antimicrobial effect. 
In-vivo study 
 
Randomization 
 
Seventy five adolescents were randomly divided into 3 groups with 25 adolescents in 
each group using table of random numbers. Sequence generation and allocation was done by 
two fellow post graduates who were not involved in the study (allocation ratio 1:1:1). Group I 
was provided with sesame oil (SO) and Group II with ozonated sesame oil (OSO) and Group 
III chlorhexidine mouth wash (CHX). 
 
Blinding 
 
In the study the primary investigator was not blinded as the mouth rinses were 
prepared by the investigator. The study population, the secondary investigator and the lab 
technicians were blinded. 
 
Evaluation of baseline debris, calculus and plaque index 
 
Oral prophylaxis was performed for all adolesents 5 days prior to the start of the study. 
 
They were instructed to carry on with their routine oral hygiene practices. 
 
Baseline debris index, calculus index, plaque index was recorded for all adolescents 
of three groups by the primary investigator. The debris score and calculus score were 
recorded using the Oral hygiene index-Simplified (OHI-S) as described by Greene and 
Vermilion in 1964. The plaque score was recorded after using disclosing solution. The 
disclosing solution was applied on the selected index teeth in both the jaws facially and 
lingually using the cotton tip applicator. The scores were calculated based on the thickness of 
the plaque on the gingival third of the tooth as given by Silness P and Loe H in 1964. 
 
Estimation of baseline Streptococcus mutans colony count 
 
All adolescents were instructed not to eat or drink 30 minutes prior to the saliva sample 
collection. Stimulated salivary samples were collected for the baseline Streptococcus mutans 
count. For collection of salivary samples, adolescents were asked to chew paraffin wax and were 
provided with sterile plastic cups to expectorate saliva into the container. Salivary samples 
were again collected at 2 weeks and 4 weeks post intervention. S. mutans count was evaluated 
using spread plate method. 
 
Brain Heart Infusion (BHI) agar was used for culturing S. mutans. For preparation of this 
selective media, Peptone Mixture 10.00g, Beef Heart Infusion 10.00g, Calf Brain Infusion 7.50g, 
Dextrose 2.00g, Disodium Phosphate 2.50g, Sodium Chloride 5.00g, Bacteriological Agar 15.00g 
was used. About 52 grams of the medium was suspended in one litre of distilled water. To 
prevent the growth of fungus antifungal agent was added to the media. The medium was 
autoclaved at 121°C at15 lbs pressure for 15 minutes and then it was cooled at 55°C. Molten 
cooled agar (approx. 20 mL) was then poured into the petri dish and was allowed to solidify. 
Saliva samples of about 1 ml were serially diluted in sterile glass tubes containing 9 ml of 
distilled water 4 and 5 times upto 10
4
 and 10
5
 dilution and 1ml of diluted saliva was added in the 
center of sterile Petri dish using a sterile pipette after the solidification of the agar. Using a bent 
glass rod the saliva was spread on whole of the agar media and the plates were inverted and 
incubated at 37°C for 24 hours. The colonies were identified by morphology and confirmed using 
gram staining and catalase test. The S. mutans present in the sample was counted using colony 
counter and the number of colonies were noted. 
 
Intervention 
 
Oral prophylaxis was done for all the adolescents included in the study, prior to the 
intervention. The participants of all three groups were allowed to brush their teeth as per their 
daily home oral hygiene regimen. Adolescents were asked not to eat anything two hours prior to 
the rinsing procedure. The study groups were subjected to oil pulling with sesame oil and 
ozonated sesame oil on all week days for a period of fifteen days in the school premises. Around 
10 ml of sesame oil (SO) and ozonated sesame oil (OSO) was taken in the mouth, sipped, sucked, 
and pulled between the teeth for 10 minutes until the viscous oil turned thin and milky 
 
white. The participants were informed not to swallow the oil as it contained bacteria and 
toxins. For ozonated sesame oil group (OSO) participants were allowed to rinse with sesame 
oil which was ozonised using medical grade ozone. The output was titrated to 2 g/hour for 
about 2 minutes. Since half-life of ozone is only 20 minutes it was freshly prepared everyday 
just before usage. The control group were asked to rinse with 10 ml of diluted 0.12% 
chlorhexidine mouthwash (CHX) for 1 minute. The procedure was continued for fifteen days. 
Data collection included Debris Index, Calculus Index, Oral Hygiene Index- Simplified, 
Plaque Index and salivary Streptococcus mutans count. Data were collected at baseline (T1) 
and after fifteen days (T2). 
 
Adolescents were instructed to discontinue their respective mouth rinses after 15 days 
of intervention and asked to continue their regular oral hygiene measures. 
 
Data collection was repeated after 30 days (T3). The indices were recorded at the 
school premises under natural sunlight by the primary investigator. The inter-examiner 
reliability was 0.86. Salivary samples were collected in sterile containers and transferred to 
the laboratory for the total colony count of S. mutans. Intra and inter group comparisons of 
pre and post index values and S. mutans count were done. 
 
Statistical analysis 
 
The statistical significance was set at p ≤ 0.05. Intra group comparison was done 
using oneway Analysis of variance (ANOVA), Repeated measure ANOVA was employed to 
analyse the change in the mean values for intergroup comparison. 
Flow chart methodology  
 
Random selection of a government aided school in Tiruchengode 
 
 
 
 
Selection of study population 
Adolescents aged 12-14 years screened for eligibility 
(n=187) 
 
 
 
 
Participants included based on eligibility criteria 
 
 
 
 
 
Baseline data collection  
Debris index, Calculus index, OHI-S, Plaque index and Streptococcus mutans count 
 
 
 
 
Random allocation of intervention 
Three different groups based on type of mouth rinse used 
 
 
 
 
Group I (SO)  Group II (OSO)  Group III (CHX) 
Sesame oil  Ozonated sesame oil  Chlorhexidine 
(n=25)  (n=25)  (n=25) 
      
 
 
 
Post intervention 
Debris index, Calculus index, OHI-S, Plaque index  and 
Streptococcus mutans count after 15 days 
 
Loss due to 
follow up 
(n= 5)  
Group I (n=2) 
Group II (n=3) 
 
 
 
Mouth rinses discontinued after 15 days of intervention 
 
 
 
 
Data collection repeated after 30 days 
 
 
 
Statistical analysis 
 Figure 1: Armamenterium  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Ozonator used in the study  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Ozonisation of sesame oil using ozonator  
 Figure 4. Saliva samples collection  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Recording debris and calculus index  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Plaque index recording after using disclosing solution  
 Figure 7. Distribution of mouth rinses  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Saliva samples collected  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Selective media for Streptococcus mutans  
 
Figure 10. Preparation of selective media  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11. Prepared agar plate  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RESULTS 
 
 Table 1. Zone of inhibition seen in the three groups against 
 
Streptococcus mutans 
 
Groups Zone of Inhibition (mm) 
 Mean ± SD 
Sesame oil (SO) No zone of inhibition 
  
Ozonated sesame oil (OSO) 15.04±0.28 mm 
  
Chlorhexidine mouth wash (CHX) 28.33±0.33 mm 
  
 
 
 
 
Table 1 shows results of antibacterial activity of three mouth rinses against Streptococcus 
mutans. No zone of inhibition was formed for sesame oil. Zone of inhibition was seen for 
ozonated sesame oil and chlorhexidine mouth wash. 
Table 2. Debris Index-Simplified scores in three groups at three time periods 
 
 SO OSO CHX 
Time Mean ± SD Mean ± SD Mean ± SD 
    
T1 1.19 ± 0.52 1.35± 0.80 1.46 ± 0.52 
    
T2 0.89± 0.39 0.77 ± 0.50 0.95 ± 0.33 
    
T3 0.94± 0.38 0.98 ± 0.57 0.87 ± 0.27 
    
 
 
 
 
Table 2 shows Debris Index- Simplified scores of all the three groups at three time periods. 
SO and OSO showed slight reduction in scores at T2 and slight increase in scores at T3. CHX 
group showed a gradual reduction in score from T1 to T3. 
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Table 3. Calculus Index- Simplified scores in three groups at three time periods 
 
 SO OSO CHX 
Time Mean ± SD Mean ± SD Mean ± SD 
    
T1 0.43 ± 0.36 0.52 ± 0.38 0.56 ± 0.46 
    
T2 0.28± 0.19 0.25 ± 0.19 0.28 ± 0.19 
    
T3 0.28± 0.22 0.30 ± 0.23 0.26 ± 0.20 
    
 
 
 
 
Table 3 shows Calculus Index- Simplified scores of all the three groups at three time periods. 
Reduction in scores was seen in all the groups at T2. A slight increase in score was seen in 
OSO group at T3. 
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Table 4. Oral Hygiene Index- Simplified scores in three groups at three time periods 
 
 SO OSO CHX 
Time Mean ± SD Mean ± SD Mean ± SD 
    
T1 1.66 ± 0.83 1.86± 1.02 1.96 ± 0.89 
    
T2 1.17± 0.50 1.01 ± 0.60 1.24 ± 0.45 
    
T3 1.22± 0.55 1.27 ± 0.72 1.13 ± 0.36 
    
 
 
 
 
Table 4 shows Oral Hygiene Index- Simplified scores of all the three groups at three time 
periods. There was reduction in scores in all groups at T2. SO and OSO showed a slight 
increase in scores at T3. CHX group showed further reduction in score at T3 than T2. 
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Table 5. Plaque Index scores in three groups at three time periods 
 
 SO OSO CHX 
Time Mean ± SD Mean ± SD Mean ± SD 
    
T1 0.56 ± 0.28 0.57 ± 0.34 0.82 ± 0.65 
    
T2 0.27± 0.20 0.16 ± 0.16 0.18 ± 0.20 
    
T3 0.36 ± 0.19 0.38 ± 0.20 0.23 ± 0.11 
    
 
 
 
 
Table 5 shows Plaque Index scores of all the three groups at three time periods. All the 
groups showed reduction in scores at T2. There was a slight increase in scores in all the 
groups at T3 than T2. 
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 Table 6. Streptococcus mutans count in saliva at 4
th
 dilution (Colony forming 
 
units/ml × 10
4
) in three groups at three time periods 
 
 SO OSO CHX 
Time Mean ± SD Mean ± SD Mean ± SD  
    
T1 209.52 ± 99.91 239.36 ± 147.10 206.91 ± 77.16 
    
T2 120.83± 77.13 120.32 ± 45.04 128.00 ± 65.95 
    
T3 148.43 ± 97.04 159.32 ± 92.24 206.55 ± 203.63 
    
 
 
 
 
Table 6 shows Streptococcus mutans count at 4
th
 dilution in all the three groups at three time 
periods. All the groups showed reduction in S. mutans count at T2. There was an increase in 
the count at T3 in all the groups when compared to T2 time period. 
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 Table 7. Streptococcus mutans count in saliva at 5
th
 dilution dilution (Colony forming 
 
units/ml × 10
5
) in three groups at three time periods 
 
 SO OSO CHX 
Time Mean ± SD Mean ± SD Mean ± SD  
    
T1 78.43 ± 50.25 99.32 ± 93.31 86.64 ± 45.86 
    
T2 56.61 ± 39.21 53.24 ± 30.59 50.05 ± 35.89 
    
T3 97.22 ± 200.15 55.68 ± 27.10 54.00 ± 34.00 
    
 
 
 
 
Table 7 shows Streptococcus mutans count at 5
th
 dilution in all the three groups at three time 
periods. All the groups showed reduction in S. mutans count at T2. There was an increase in 
the count at T3 in all the groups when compared to T2 time period. 
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Table 8. Intra group comparison of Debris Index - Simplified scores in different time 
 
intervals 
 
 T1 T2 T3 p T1 T2 T1 
Group     vs vs vs    
Value T2 T3 T3  Mean±SD Mean±SD Mean±SD 
        
SO 1.19±0.52 0.89±0.39 0.94±0.38 0.004 0.003  0.017 
        
OSO 1.35±0.80 0.77±0.50 0.98±0.57 <0.001 0.001  0.02 
        
CHX 1.46±0.52 0.95±0.33 0.87±0.27 <0.001 0.001  0.001 
        
 
 
 
 
Table 8 shows intra group comparison of Debris Index - Simplified scores at different time 
intervals. There was a significant difference in the scores in all the groups at different time 
periods. 
 
Post hoc analysis showed a significant difference in DI- S scores between T1 and T2 and T1 
and T3. 
Table 9. Intra group comparison of Calculus Index- Simplified scores in different time 
 
intervals 
 
 T1 T2 T3 p T1 T2 T1 
     vs vs vs 
Group Mean±SD Mean±SD Mean±SD Value T2 T3 T3 
        
SO 0.43±0.36 0.28±0.19 0.28±0.22 0.03 0.007  0.013 
        
OSO 0.52±0.38 0.25±0.19 0.30±0.23 <0.001 0.001  0.007 
        
CHX 0.56±0.46 0.28±0.19 0.26±0.20 0.03 0.009  0.006 
        
 
 
Table 9 shows intra group comparison of Calculus Index- Simplified scores at different time 
intervals. Significant difference was found in all the three groups at different time periods 
studied. 
 
Post hoc analysis showed a significant reduction in scores in all the three groups between T1 
and T2 and T1 and T3. 
Table 10. Intra group comparison of Oral Hygiene Index - Simplified scores in different 
 
time intervals 
 
 T1 T2 T3 p T1 T2 T1 
Group     vs vs vs 
 Mean±SD Mean±SD Mean±SD Value T2 T3 T3 
        
SO 1.66±0.83 1.17±0.50 1.22±0.55 ˂0.001 0.001  0.003 
        
OSO 1.86±1.02 1.01±0.60 1.27±0.72 <0.001 0.001  0.001 
        
CHX 1.96±0.89 1.24±0.45 1.13±0.36 <0.001 0.001  <0.001 
        
 
 
 
Table 10 shows intra group comparison of Oral Hygiene Index- Simplified scores at different 
time intervals. There was a significant difference in all the three groups at different time 
periods studied. 
 
Post hoc analysis showed a significant reduction in scores in all the three groups between T1 
and T2 and T1 and T3. 
Table 11. Intra group comparison of Plaque Index scores in different time intervals 
 
 T1 T2 T3 p T1 T2 T1 
     vs vs vs 
Group Mean±SD Mean±SD Mean± SD Value T2 T3 T3 
        
SO 0.56±0.28 0.27±0.20 0.36±0.19 ˂0.001 0.001  0.006 
        
OSO 0.57±0.34 0.16±0.16 0.38±0.20 <0.001 0.001  0.01 
        
CHX 0.82±0.65 0.18±0.20 0.23±0.11 <0.001 0.001  <0.001 
         
 
Table 11 shows intra group comparison of Plaque Index scores at different time intervals. 
 
Significant difference was found in all the three groups at different time periods studied. 
 
Post hoc analysis showed a significant reduction in scores in all the three groups between T1 
and T2 and T1 and T3. 
 
Table 12. Intra group comparison of Streptococcus mutans count in saliva at 4
th
 dilution 
 
(Colony Forming Units/ ml × 10
4)
 in different time intervals 
 
 T1 T2 T3 p T1 T2 T1 
     vs vs vs 
Group Mean±SD Mean±SD Mean±SD Value T2 T3 T3 
        
SO 209.52±99.91 120.83±77.13 148.43±97.04 ˂0.001 0.001  0.003 
        
OSO 239.36±147.10 120.32±45.04 159.32±92.24 <0.001 0.001  0.001 
        
CHX 206.91±77.16 128.00±65.95 206.55±203.63 <0.001 0.001   
         
 
Table 12 shows intra group comparison of Streptococcus mutans count at different time 
intervals. Significant difference was found in all the three groups at different time periods 
studied. 
 
Post hoc analysis showed a significant reduction in scores in all the three groups between T1 
and T2. SO and OSO showed significant reduction in scores between T1 and T3. 
 
Table 13. Intra group comparison of Streptococcus mutans count in saliva at 5
th
 dilution 
 
(Colony Forming Units/ ml × 10
5)
 in different time intervals 
 
 T1 T2 T3 p 
Group Mean± SD Mean± SD Mean± SD Value 
 
     
SO 78.43±50.25 56.61±39.21 97.22± 200.15 0.20 
     
OSO 99.32±93.31 53.24±30.59 55.68± 27.10 0.15 
     
CHX 86.64±45.86 50.05±35.89 54.00 ± 34.00 0.07 
     
 
 
 
Table 13 shows intra group comparison of Streptococcus mutans count at different time 
intervals. There was no significant difference in the count in all the three groups in any of the 
three time periods studied. 
Table 14. Inter group comparison of Debris Index- Simplified scores in different time 
 
intervals 
 
 SO OSO CHX p 
Time Mean ± SD Mean ± SD Mean ± SD Value  
     
T1 1.19±0.52 1.35±0.80 1.46±0.52 0.143 
     
T2 0.89±0.39 0.77±0.50 0.95±0.33 0.143 
     
T3 0.94±0.38 0.98±0.57 0.87±0.27 0.889 
     
 
 
Table 14 shows inter group comparison of Debris Index- Simplified scores at different time 
intervals. There was no significant difference between the groups in any of the three time 
periods studied. 
 
 
Table 15. Inter group comparison of Calculus Index- Simplified scores at different time 
 
intervals 
 
 SO OSO CHX p 
Time Mean ± SD Mean ± SD Mean ± SD value 
 
     
T1 0.43 ± 0.36 0.52 ± 0.38 0.56 ± 0.46 0.480 
     
T2 0.28± 0.19 0.25 ± 0.19 0.28 ± 0.19 0.949 
     
T3 0.28± 0.22 0.30 ± 0.23 0.26 ± 0.20 0.887 
     
 
 
Table 15 shows inter group comparison of Calculus Index- Simplified scores at different time 
intervals. No significant difference was found between the groups in any of the three time 
periods studied. 
Table 16. Inter group comparison of Oral Hygiene Index- Simplified scores in different 
 
time intervals 
 
 SO OSO CHX  
Time Mean ± SD Mean ± SD Mean ± SD p value  
     
T1 1.66 ± 0.83 1.86± 1.02 1.96 ± 0.89 0.453 
     
T2 1.17± 0.50 1.01 ± 0.60 1.24 ± 0.45 0.210 
     
T3 1.22± 0.55 1.27 ± 0.72 1.13 ± 0.36 0.918 
     
 
 
Table 16 shows inter group comparison of Oral Hygiene Index - Simplifed scores at different 
time intervals. There was no significant difference between the groups in any of the three 
time periods studied. 
 
 
Table 17. Inter group comparison of Plaque Index scores in different time intervals 
 
 SO OSO CHX p SO SO OSO 
Time 
Mean ±SD Mean ± SD Mean ± SD 
 vs vs vs 
 Value OSO CHX CHX 
    
        
T1 0.56±0.28 0.57±0.34 0.82±0.65 0.065    
        
T2 0.27±0.20 0.16±0.16 0.18±0.20 0.05 0.03 0.04  
        
T) 0.36±0.19 0.38±0.20 0.23±0.11 0.004  0.004 0.004 
        
 
 
Table 17 shows inter group comparison of Plaque Index scores at different time intervals. 
There was a statistically significant difference in the scores between the groups at T2 and T3. 
Significant reduction in plaque index scores was seen in OSO and CHX at T2. At T3 
significant reduction was seen in CHX. 
 Table 18. Inter group comparison of Streptococcus mutans count in saliva at 4
th
 dilution 
 
(Colony Forming Units/ ml × 10
4
) at different time intervals 
 
 SO OSO CHX  
Time Mean ± SD Mean ± SD Mean ± SD p value 
 
     
T1 209.52 ± 99.91 239.36 ± 147.10 206.91 ± 77.16 0.900 
     
T2 120.83± 77.13 120.32 ± 45.04 128.00 ± 65.95 0.681 
     
T3 148.43 ± 97.04 159.32 ± 92.24 208.55 ± 203.63 0.463 
     
 
 
Table 18 shows inter group comparison of Streptococcus mutans count at different time 
intervals. There was no significant difference in the S. mutans count between the groups in 
any of the three time periods studied. 
 
 
Table 19. Inter group comparison of Streptococcus mutans count in saliva at 5
th
 dilution 
 
(Colony Forming Units/ ml × 10
5
) at different time intervals 
 
 SO OSO CHX  
Time Mean ± SD Mean ± SD Mean ± SD p value 
 
     
T1 78.43 ± 50.25 99.32 ± 93.31 86.64 ± 45.86 0.681 
     
T2 56.61 ± 39.21 53.24 ± 30.59 50.05 ± 35.89 0.752 
     
T3 97.22 ± 200.15 55.68 ± 27.10 54.00 ± 34.00 0.415 
     
 
 
Table 19 shows inter group comparison of Streptococcus mutans count at different time 
intervals. No significant difference was found in the S. mutans count between the groups in 
any of the three time periods studied. 
        Figure 1. Sesame oil group showing no antimicrobial activity against S. mutans 
 
 
 
 
 
 
 
 
 
 
 
 
  
   Figure 2. Ozonated sesame oil group showing antimicrobial activity against S. mutans 
 
 
 
 
 
 
 
 
 
          Figure 3. Chlorhexidine group showing antimicrobial activity against S. mutans 
 
 
 
 
 
 
 
 
 
 
 
                                   Figure 4. BHI agar showing growth of S. mutans 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DISCUSSION 
 
 
Dental caries is one of the most common forms of microbial diseases occurring 
globally. It has been found to significantly affect the systemic health, and quality of life of 
individuals.
56
 The oral cavity serves as a focal point of entry for pathogens into the systemic 
circulation. Similarly, a lack of oral hygiene allows an increase in virulent microbial 
colonization of the oral biofilm.
29
 Therefore, mechanical and chemical means of controlling 
the quantity and quality of the oral biofilm is important in preventing gingivitis and caries. 
The use of chemical mouthwash can cause allergic reaction in few individuals and long-term 
use leads to loss of taste sensation and staining of teeth.
45
 Various forms of alternative or 
traditional medicinal treatments, such as Ayurveda have started to gain popularity, due to 
their natural origin, cost effectiveness, negligible side effects and improved patient 
compliance.
42
 Oil Pulling with edible vegetable oils can reduce the microorganisms in the 
oral cavity. Ozone is being discussed in dentistry as a possible alternative oral antiseptic 
agent. Currently, ozone therapy is gaining popularity as a modern non-invasive method of 
treatment. When ozone gas is bubbled through plant or vegetable extracts they react with 
ozone to form ozonoids which can induce disruption of microbial cell wall.
59
 Hence the 
present study was planned to evaluate the antibacterial effect of sesame oil and ozonated 
sesame oil against Streptococcus mutans and to compare the effect of sesame oil, ozonated 
sesame oil with chlorhexidine mouth wash on oral health status of adolescents. 
 
Antimicrobial effect 
 
Microbiological assessment aimed at identification of Streptococcus mutans count in the 
saliva sample. An invitro trial was done before the start of study to find out the antibacterial 
effectiveness of sesame oil, ozonated sesame oil and chlorhexidine against streptococcus mutans. 
Maximum zone of inhibition was obtained for Chlorhexidine followed by ozonated sesame oil. 
Savithri D et al 
55
 in an invitro trial showed the inhibitory effect of ozonated water against S. 
mutans. Ximenes M et al 
75
 showed inhibition of bacterial growth on three different 
 
concentrations of ozone gas against S. mutans. No zone of inhibition was obtained for sesame 
oil. Asokan S et al 
7
 evaluated the antibacterial activity of sesame oil and lignans (sesamin 
and sesamolin) isolated from sesame oil against oral microorganisms and concluded that 
Sesamin and sesamolin did not have any antibacterial effect against S. mutans, S. mitis and S. 
viridans. This was in contrast to study done by Anand TD et al 
5
 who compared the 
antibacterial activity of sesame oil at four different concentrations (1:1, 1:5, 1:10 and 1:20) 
and found that S. mutans were moderately sensitive to sesame oil. The antibacterial activity 
was found to be high in 1:1 dilution compared to the other dilutions. Literature search did not 
reveal any studies that assessed the antibacterial activity of ozonated sesame oil. 
 
Selection of oil 
 
 
In the present study sesame oil was used since it is a regular constituent of South Indian 
cooking and is easily available. They are also economically cheaper and shown to have 
numerous health benefits.
58
 A study by Anand et al 
5
 had shown significant reduction in 
bacterial count after sesame oil pulling and reduced susceptibility of host to dental caries. 
Ozonated oil 
 
Ozone is a natural gas composed of three atoms of oxygen. Use of ozone as a disinfectant 
started from 1881. During World War 1, Ozone was used medically to treat wounds and other 
infection. Literature search showed the effective use of ozone in dentistry from 1990s. In 
dentistry, it is used as gaseous form, ozonated water and as ozonated oils. When dissolved in 
water, it becomes highly unstable and rapidly decomposes through a complex series of chain 
reactions
.25, 61
 In contrast, when it is dissolved in an oil base, it chemically reacts with oil, and 
forms long complex molecules.
20
 Hence in this study ozonated sesame oil was selected over 
ozonated water because oil was found to provide a long stay in the oral cavity and higher 
efficacy. Since half-life of ozone is 40 minutes at 20°C and it cannot be stored it should be used 
at once.
16
 So, in the present study freshly prepared ozonated oil was used and this also 
enhances the benefits of oil. 
 
Since the literature search revealed no studies till date assessing the benefits of oil pulling 
using freshly prepared ozonated oil, our study has been the first in this untrodden path. Verma 
SK 
73
 compared the efficacy of commercially available ozonated oil which consisted of 60% 
sesame oil, 30% sunflower oil, 5% castor oil, tuvarak oil with that of chlorhexidine gel by 
gingival massage and concluded that ozonated oils can be an effective alternative therapy 
against plaque induced gingivitis. This is because ozone when dissociates into oxygen, 
creates an oxygen-rich environment, thus disturbing the normal ecosystem of the plaque. 
Montevecchi et al 
37
 found that ozonated oil is a more effective antiseptic than chlorhexidine 
digluconate and povidone-iodine against S. aureus and P. gingivalis. The enzymatic control 
system of the bacterial cell is blocked as ozone inhibits glycoproteins, glycolipids and other 
amino acids the outcome of which is the functional cessation and death of the microorganism. 
 
Chlorhexidine mouth wash 
 
This gold standard mouthwash was used as the control in this study to assess and 
compare the effect of oil pulling therapy on streptococcus mutans count and oral health 
status. Axelsson and Lindhe 
13
 has shown that chlorhexidine mouthwash is effective in the 
reduction of plaque and gingivitis. Menendez 
36
 and Santos 
53
 have shown that chlorhexidine 
is very effective against the formation of dental plaque. Chethan J et al 
19
 compared the oral 
hygiene status of 12-15 years old children using alum and chlorhexidine mouth rinse at 
baseline, 1 month and 2 month using Simplified Oral hygiene Index (OHI-S). They showed 
that there was equal reduction in debris score and calculus score in both alum group as well 
as chlorhexidine group. Sharma A 
60
 compared the efficacy of Chlorhexidine, Sodium 
fluoride and Herbal mouth rinse against S. mutans and concluded that chlorhexidine and 
fluoride mouth rinse showed statistically significant reduction in S. mutans. 
 
The evaluation in this study included both clinical and microbiological assessment. 
Clinical assessment was based on the baseline debris index, calculus index and plaque index. 
Debris index and calculus index were recorded using the Oral Hygiene Index –Simplified 
(OHI-S) as described by Greene and Vermilion in 1964 and Plaque Index as given by Silness 
P and Loe H in 1964. The plaque score was recorded after application of disclosing solution 
on selected index teeth in both the jaws facially and lingually using the cotton tip application 
and the scores were calculated. This was done in accordance with the studies done by 
Saravanan et al.
54 
 
Culture media 
 
The most commonly used selective media for S.mutans is Mitis Salivarius Bacitracin 
agar, which was modified by Kimmel and Tinanoff 
30
 as Mitis salivarius agar with 
kanamycin sulfate, sorbitol, potasium tellurite and bacitracin (MSKB). Many other medias 
such as Trypticase soy with sucrose and bacitracin (TSY 20B) Staat RH
66
, Glucose-sucrose-
tellurite-bacitracin (GSTB) Tanzer JM
68
 and Thioglycolate Sucrose Blood Bacitracin Agar 
(TSBB) Singh S et al 
63
 can be used. The culture media used for this study was Brain Heart 
Infusion Agar which is a selective media for cultivation of Streptococci. For selective 
isolation of fungi ketoconazole 10 mg was added to the media. Since the organism is 
facultative anaerobe the media was incubated aerobically at 37°C for 12 hours. 
 
Debris index 
 
Intra group comparison showed that there was a statistically significant reduction in 
the debris score in all the three groups when the baseline score was compared with 15 days 
and 30 days. 
 
There was no significant difference in the debris scores between the three groups at 
baseline. There was a reduction seen in debris scores of all the adolescents of three groups at 
15 days. But the reduction was not significant between the groups. At end of 30 days 
adolescents of chlorhexidine group showed reduction in debris score, while there was 
increase in scores in ozonated sesame oil group followed by sesame oil group. This was in 
accordance to the study done by Wang G et al
74
 who concluded that chlorhexidine 
containing mouth wash reduced DI- S score after 201 days which could be due to the 
inhibition of build up of debris by the mouth wash. 
 
Calculus index 
 
Intra group comparison showed that there was a statistically significant reduction in 
the calculus score in all the three groups when the baseline score was compared with 15 days 
and 30 days scores. 
 
Inter group comparison showed that there was no significant difference in the calculus 
scores at all the time periods studied. The calculus score reduced in all the three groups after 
15 days. At end of 30 days, there was a slight reduction in the calculus score of those who 
used chlorhexidine mouth wash. This was in accordance to the study conducted by Loe H et 
al
77
 who concluded that short term use of chlorhexidine for a period of 3-4 weeks reduced the 
calculus formation. Wang G et al
74
 stated that use of chlorhexidine containing mouth wash 
inhibited the calculus formation. On the other hand, sesame oil group showed no change and 
there was a slight increase in score for those who used ozonated sesame oil. But the 
differences were not statistically significant. After 30 days, all the groups had significantly 
less calculus than their baseline scores. 
 
Oral Hygiene Index – Simplified (OHI-S) 
 
When the Oral Hygiene Index - Simplified scores were compared at different time 
periods, there was a significant reduction from baseline to 15 days and baseline to 30 days in 
all the three groups. 
 
All the adolescents showed a significant improvement in their oral hygiene status after 15 
days use of mouth rinses, among that OSO group was found to be effective. After cessation of 
the mouth rinses for 15 days (30 days), we found that the adolescents in chlorhexidine mouth 
wash group had the minimum Oral Hygiene Index- Simplified score. Discontinuation of the 
rinses in sesame oil and ozonated sesame oil group had no positive effects on the oral 
hygiene status. 
 
Inter group comparison showed reduction in Oral Hygiene Index- Simplified scores at 
15 days, but was not significant. At end of 30 days, chlorhexidine group showed slight 
reduction in score while the sesame oil group and ozonated sesame oil group showed slight 
increase in scores. 
 
Plaque Index 
 
Significant reduction in plaque was seen in all three groups at the two time periods 
studied. Though there was a slight increase in plaque score at 30 days, it was still significantly 
less than the baseline scores. This was in accordance with the study conducted by Asokan S et al 
6
 who concluded that oil pulling therapy significantly reduced the plaque index after 10 days of 
use. Verma et al 
73
 compared the effects of ozonated oil and chlorhexidine gel, after gingival 
massage for 3 weeks and concluded that there was significant reduction in plaque index in both 
the groups. The reduction in plaque might be due to the viscosity of oil or saponification or soap 
making process due to alkali hydrolysis of fat.
6 
 
At baseline, there was no significant difference in the plaque score between the three 
groups. There was a significant difference in plaque scores between the three groups at the 
end of 15 days. The study conducted by Kshitish and Laxman 
32
 found higher percentage of 
reduction in plaque index (12%) after irrigation using ozonated water compared to 
chlorhexidine. Nagayoshi et al 
38
 found that ozonated water inhibited the accumulation of 
experimental dental plaque in-vitro. In our study, chlorhexidine and ozonated sesame oil 
were better in reducing plaque compared to sesame oil. This result was in contradiction to the 
randomized controlled trial by Dani N et al 
21
 who assessed the antiplaque effect and plaque 
 
induced gingivitis of oil pulling using sesame oil and found that sesame oil was found to be 
as effective as chlorhexidine. At the end of 30 days, maximum reduction was seen in 
chlorhexidine group. This is due to the substantivity of chlorhexidine, which adhere to the 
tissues like oral mucosa and teeth. This helps to maintain a potent sustained release, which 
inturn reduce the bacterial count and prevent dental plaque accumulation for more longer 
 
time.
15 
 
Streptococcus mutans count 
 
Intra group comparison showed that the streptococcus mutans count reduced 
significantly at 4
th
 dilution in all the three groups when the baseline was compared with 15 
days. This was in accordance with the study conducted by Asokan S et al 
8
 who showed that 
oil pulling therapy with sesame oil reduced Streptococcus mutans count in plaque and saliva. 
The viscous nature of the oil probably inhibits bacterial adhesion. Sesame oil which is a 
vegetable fat when acted upon by the salivary bicarbonates, the soap making process is 
initiated which are good cleansing agents. The sesame oil when dispersed in water, form 
minute droplets which increases the surface area of the oil thereby enhancing its cleansing 
action. Sesame oil is relatively high in unsaponifiable substances. Also, the lignans sesamin 
or sesamolin present in the sesame oil could probably protect the oral cavity and reduce the 
microbial count. Ximines M et al 
76
 stated that chlorhexidine has substantial antimicrobial 
action which causes lysis of bacterial cell wall and precipitates the cytoplasmic content of 
bacterial cell. In addition, it abolishes the bacterial phosphoenol pyruvate and inhibits its 
metabolic activity. Celeberti P et al 
18
 found a significant reduction of Streptococcus mutans 
counts in those treated with ozonated water group when compared to the participants who 
used CHX mouth wash. This proved the better antibacterial property of ozonated water, 
which could be the result of oxidation potential of ozonated water that destructs the cell wall 
and cytoplasmic membranes of bacteria. 
 
At end of 30 days there was a statistically significant reduction in the count only in 
sesame oil and ozonated sesame oil group. This might be because, chlorhexidine can be 
bacteriostatic or bactericidal depending on its dosage. Since low concentration of chlorhexidine 
was in our study the bacteriostatic action might have diminished on discontinuation of its usage. 
 
Inter group comparison showed that there was no significant difference in the 
Streptococcus mutans count between the three groups at all the three time periods studied. 
 
In 5
th
 dilution there was reduction in Streptococcus mutans count in all the three 
groups after 15 days but was not significant. At end of 30 days there was increase in count in 
all three groups. Inter group comparison showed that there was no significant difference in 
the Streptococcus mutans count between the three groups at all the three time periods studied. 
 
There was reduction in Debris Index- Simplified score, Calculus Index- Simplified 
score, Oral Hygiene Index- Simplified score, Plaque Index score and Streptococcus mutans 
count during usage of respective mouth rinses from baseline to 15 days. After the cessation of 
use of mouth wash there was a slight increase in the scores and colony count from 15 days to 
30 days. At the end of the study period the scores and colony count were significantly lesser 
than the baseline values in the sesame oil group, ozonated sesame oil group and the 
chlorhexidine mouthwash group. 
 
Thus, oil pulling using ozonated sesame oil can be used as an effective alternative 
therapy and used as an adjunct with regular oral hygiene measures. 
Limitations 
 
 
• Larger sample of children with different caries status should be included to get a more 
precise evidence on the antibacterial properties of ozonated sesame oil. 
 
• Long term effects of ozone on the oral health status was not assessed. 
 
• The unpleasant odour of ozone was unacceptable for some children in the group 
which have reduced the usage by children. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SUMMARY AND CONCLUSION 
 
 
The present randomized controlled trial was conducted in the Department of 
Pedodontics and Preventive Dentistry, K.S.R Institute of Dental Science and Research 
(KSRIDSR). The study was planned and organized in association with a Government aided 
school in Tiruchengode to evaluate the antibacterial effect of sesame oil and ozonated sesame 
oil against Streptococcus mutans and to compare the effect of sesame oil, ozonated sesame 
oil with chlorhexidine mouth wash on oral health status of adolescent children. Seventy five 
adolescents aged 12- 14 years with DMFT/dmft Index < 3 were included in the study. 
Children were allocated into three different groups in the ratio of 1:1:1 with 25 children in 
each group. Group I was provided with (sesame oil) and Group II (ozonated sesame oil) and 
Group III (chlorhexidine mouth wash). Baseline debris index, calculus index, plaque index 
were recorded for all adolescents of three groups. Stimulated salivary samples were collected 
for the baseline Streptococcus mutans count. Then the adolescents were provided with their 
respective mouth rinses. The procedure was continued for 15 days, and the intervention was 
stopped after 15 days and debris index, calculus index, plaque index were re-evaluated and 
postoperative salivary samples were collected at 15 days and after a month. Saliva cultures 
were done in Brain Heart Infusion (BHI) agar and colony count was done after 12 hours of 
incubation period. The results were tabulated and statistically analyzed. 
 
The following findings can be inferred from the study: 
 
 
• In-vitro evaluation of mouth rinses against S. mutans showed inhibitory zones against 
ozonated sesame oil and chlorhexidine mouth wash. The maximum zone of inhibition 
was observed for chlorhexidine mouth wash followed by ozonated sesame oil. 
Sesame oil did not show any zone of inhibition against S. mutans. 
 
• All the three groups showed significant reduction in debris index, calculus index, 
plaque index and streptococcus mutans count after 15 days. 
 
• Significant differences in scores were observed in all the groups when the values 
obtained were compared from baseline to 15 days and baseline to 30 days. 
 
• There was increase in debris index, calculus index, plaque index and streptococcus 
mutans in all three groups at the end of 30 days but the values did not increase to 
baseline level. 
 
• No significant differences were observed in debris index, calculus index and 
streptococcus mutans count between the groups at the end of 30 days. 
 
• There was a significant difference in plaque index after 15 days and 30 days. After 15 
days ozonated oil group showed highest reduction in plaque score while chlorhexidine 
showed highest reduction at the end of 30 days. 
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       K.S.R Institute of Dental Science and Research  
 
                                               Tiruchengode -637215 
 
 
 
                                                CONSENT FORM  
 
 
I ..........., as legally responsible parent/guardian give my consent for the participation 
of my child ................................, standard........... In the study title “Effect of sesame 
oil, ozonated sesame oil and chlorhexidine mouth wash on oral health status of 
adolescents: A randomised controlled trial”. Dr. V.Chitra Vadhana discussed with me 
to my satisfaction, the procedures, possible discomforts, as well as possible benefits 
of the study. I have read this consent and have clearly understood the procedures to 
be performed on my child.  
 
Legally responsible parent/guardian: ...................................... Date: ......................  
Address: ........................................................................  
Contact number:  
I certify that I explained the above information to the parent/guardian, before requesting his or 
her signature.  
Signature of the dentist: ........................................................... Date: ..................... 
 
 
 
                                                                  
APPENDIX – V 
 
 
குழந்தைகள் நல பல் ஫ருத்துவப்பிரிவு 
 
  
ைகவலறிந்ை ஒப்புைல் படிவம் 
 
ப஧னர் __________________________ யனது _________ ஆண்/ப஧ண்  ஆகின என்஦ிடம் 
என் நகன஦/நகன஭ _________________________ ,யனது ___ யகுப்பு _____ Dr. சித்ரவைனா 
அயர்க஭ின்  "வவவ்வவறு வாய் கழுவும் ஫ருந்துகளால்  வாய் சுகாைாரத்ைில் 
ஏற்படும் விதளவுகள்" என்கி஫ ஆபாய்ச்சிக்கு உட்஧டுத்த அனுநதி ககாபப்஧ட்டுள்஭து.  
Dr. சித்பயத஦ா இவ்யாபாய்ச்சினின் பசனற்஧ாடுகன஭யும், அதன் 
சாதக஧ாதகங்கன஭யும் ஥ன்கு யி஭க்கி஦ார். இவ்யாபாய்ச்சினில் ப஧஫ப்஧டும் 
தகயல்கள் இபகசினநாக னயக்கப்஧டும் எ஦வும் ஧ங்ககற்஧ா஭ர்க஭ின் ப஧னர்கள் 
எவ்யிடத்திலும் உ஧கனாகப்஧டுத்த நாட்டாது எ஦வும் பதரியித்தார். 
இவ்யாபாய்ச்சினில் ஧ங்ககற்஧தற்கு எவ்யித கட்டணமும் இல்ன஬ என்றும் இதில் 
஧ங்பகடுப்஧து அயபயர் த஦ிப்஧ட்ட யிருப்஧த்னத சார்ந்தது என்றும் 
பதரிந்துபகாண்கடன். அகதக஧ால் எந்த க஥பத்திலும் யி஬கிக்பகாள்஭வும், எ஦து 
நகன்/நகள் சம்நந்தப்஧ட்ட தகயல்கன஭ அமிக்க ககாபவும் எ஦க்கு உரினந உண்டு எ஦ 
அ஫ிந்துபகாண்கடன். எ஦கய இவ்யாபாய்ச்சினில் எ஦து நகன்/நகள் ஧ங்பகடுக்க ஥ான் 
முழுந஦துடன் சம்நதிக்கிக஫ன். 
 
 
 
 
 
ப஧ற்க஫ார்/஧ாதுகாய஬ர்: _________________________________________ கததி:_______________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 APPENDIX – VІ 
 
 
                                                    LIST OF SCHOOL NAMES  
 
 
 MDV Higher Secondary School,Velur road, Tiruchengode, Nammakal district, 
Tamilnadu. 
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ABBREVIATION 
 
 
pH Potential of hydrogen 
 
S. mutans Streptococcus mutans 
 
L Lactobacillus 
 
mL Millilitre 
 
°C Celsius 
 
g Gram 
 
mg Milligram 
 
µl Microlitre 
 
E. coli 
 
Escherichia coli 
F. nucleatum Fusobacterium nucleatum 
 
MIC Minimum inhibitory concentration 
 
MBC Minimum bactericidal concentration 
 
DI-S Debris index simplified 
 
CI-S Calculus index simplified 
 
OHI-S Oral hygiene index simplified 
 
PI 
 
Plaque Index 
BHI Brain heart infusion agar 
 
RT Room temperature 
 
T1 Baseline 
 
 
T2 After 15 days 
 T3 
 
After 30 days 
CHX Chlorhexidine 
 
     SO Sesame oil 
 
OSO Ozonated sesame oil 
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DECAYED-MISSING-FILLED INDEX (DMF) - Klein, Palmer and Knutson in 1938  
 DMF teeth index (DMFT) which measures the prevalence of dental caries/Teeth.  
D component:  
Used to describe (Decayed teeth) which include:  
1. Carious tooth.  
2. Filled tooth with recurrent decay.  
3. Only the root is left.  
4. Defect filling with caries.  
5. Temporary filling.  
6. Filled tooth surface with other surface decayed.  
M component:  
Used to describe (Missing teeth due to caries) other cases should be excluded  
1. Tooth that extracted for reasons other than caries should be excluded, which include:  
           a-Orthodontic treatment.  
           b-Impaction.  
           c-Periodontal disease.  
2. Unerupted teeth.  
3. Congenitally missing.  
4. Avulsion teeth due to trauma or accident.  
F component:  
Used to describe (Filled teeth due to caries). Teeth were considered filled without decay 
when one or more permanent restorations were present and there was no secondary 
(recurrent) caries or other area of the tooth with primary caries. A tooth with a crown placed 
because of previous decay was recorded in this category. Teeth stored for reason other than 
dental caries should be excluded, which include:  
1. Trauma (fracture).  
2. Hypoplasia (cosmetic purposes).  
3. Bridge abutment (retention).  
4. Seal a root canal due to trauma.  
5. Fissure sealant.  
6. Preventive filling.  
WHO modification of DMF index, 1987  
 All third molars included  
 Initial white spot lesion – counted as decay  
 Above 30 years of age, tooth lost due to any reason – counted as missing  
def index - Gruebbel, Morris and Knutson - 1943.  
The initials of the index were defined as follows:  
 d = decayed primary teeth indicated for filling,  
 e = decayed primary teeth indicated for extraction,  
 f = filled primary teeth.  
The missing teeth are ignored, because in children it is difficult to make sure whether the 
missing tooth was exfoliated or extracted due to caries or due to serial extraction. In 1950 
Jackson suggested the dmf index; the initials of which had exactly the same meaning for 
primary as the letters of the DMF index had for permanent teeth. Jackson recommended that 
the index be used for a full mouth dentition from 3 to 5 years inclusive for primary molars 
from 3 to 8 years inclusive. 
Plaque indexing system or Silness-Löe Index - (Silness and Loe, 1964) 
  
Only plaque on the cervical third of the tooth is evaluated with no attention to plaque 
that has extended to the middle or incisal thirds. The surfaces examined are disto- facial, 
facial, mesio-facial, lingual surfaces. 
Teeth to be examined 
16- Maxillary right first molar 
12- Maxillary right lateral incisors 
24- Maxillary left first bicuspid 
36- Mandibular left first molar 
32- Mandibular left lateral incisor 
44- Mandibular right first bicuspid 
 
 
Scores Criteria 
0 No plaque 
1 A film of plaque adhering to the free gingival margin and adjacent area of 
the tooth. The plaque may be seen in situ only after application of 
disclosing solution or by using the probe on the tooth surface. 
2 Moderate accumulation of soft deposit s within the gingival pocket, or the 
tooth and gingival margin which can be seen with the naked eye. 
3 Abundance of soft matter within the gingival pocket and/or on the tooth 
and gingival margin. 
 
 
Interpretations 
Rating                                                      Score 
                                    Excellent                                                  0 
Good                                                   0.1- 0.9 
Fair                                                     1.0- 1.9 
Poor                                                    2.0- 3.0 
 
SIMPLIFIED ORAL HYGIENE INDEX (OHI-S) 
OHI-S was developed in 1964 by John C. Greene and Jack R. Vermillion. 
Teeth to be examined 
16- Upper right first molar Buccal 
11- Upper right central incisors Labial 
26- Upper left first molar Buccal 
36- Lower left first molar Lingual 
31- Lower left central incisor Labial 
46- Lower right first molar Lingual 
 
Substitution of tooth (in case of missing) 
16 17, 18 (if 17 missing) 
11 21 
26 27, 28 (if 27 missing) 
36 37, 38 (if 37 missing) 
31 41 
46 47, 48 (if 47 missing) 
 
Exclusion: Natural teeth with full crown restorations and surfaces reduced in height by caries 
or trauma are not scored 
Instruments used: Mouth mirror and No. 23 explorer 
Examination methods and scoring 
OHI-S has two components- Simplified Debris Index (DI-S) and the Simplified Calculus 
Index (CI-S). 
Debris Index- Simplified (DI-S) 
Surface area covered by debris is estimated by running the side of an explorer along tooth 
surface being examined. The occlusal or incisal extent of debris is noted as it is removed.  
Scoring criteria for DI-S 
Score Criteria 
0 No debris or stain present 
1 Soft debris covering not more than one third of the tooth surface, or 
presence of extrinsic stains without other debris regardless of surface 
area covered 
2 Soft debris covering more than one third, but not more than two thirds, 
of the exposed tooth surface 
3 Soft debris covering more than two thirds of the exposed tooth surface 
 
Calculus index Simplified (CI-S) 
1) Supragingival calculus- denotes deposits, usually white to yellowish brown in 
color, occlusal to the free gimgival margin 
2) Subgingival calculus- denotes deposits usually light brown to black in color, 
apical to the free gingival margin. 
 
 
Scoring criteria for CI-S 
Score Criteria 
0 No calculus present 
1 Supragingival calculus covering not more than one third of the exposed 
tooth surface 
2 Supragingival calculus covering more than one third but not more than 
two thirds of the exposed tooth surface or the presence of individual 
flecks of subgingival calculus around the cervical portion of the tooth or 
both. 
3 Supragingival calculus covering more than two thirds of the exposed 
tooth surface or a continuous heavy band of subgingival calculus around 
the cervical portion of the tooth or both 
 
Calculation of the Index 
For each individual, the debris and calculus scores are totaled and divided by the number of 
tooth surfaces scored. 
Calculation of DI-S =             Total score 
                                       No. of surfaces examined 
Calculation of CI-S =              Total score 
                                       No. of surfaces examined 
OHI-S = DI-S + CI-S 
 
 
 
 
 
Interpretations:  
For the DI-S and CI-S score, 
Good- 0.0 to 0.6 
Fair- 0.7 to 1.8 
Poor- 1.9 to 3.0 
For the OHI-S score, 
Good- 0.0 to 1.2 
Fair- 1.3 to 3.0 
Poor- 3.1 to 6.0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
APPENDIX – IX 
                                         Indices scoring sheet 
                                              Oral hygiene index-  Simplified  
                 Name :                                                                         Std/Sec:  
 
Debris index                               Debris score 
 16 11 26 
 
 
  
                                                                        
 
  46 31 36 
  
 
Calculus index                            Calculus score 
16 11 26 
 
 
  
                                                                                                     
 
  46 31 36 
    
OHI-S = DI-S + CI-S   =  
 
Plaque index                                    Plaque score 
  
             
 
 
 
 
 
 
  
6 
  
6 
16 12 24 
 
 
  
                                                                        
 
  44 32 36 
  
6 
  
 
